ABSTRACT. Dahurian larch (Larix gmelinii), a deciduous conifer, is the northernmost tree, native to eastern Siberia and nearby regions of China. We used growth traits and molecular markers to assess genetic variation in different L. gmelinii growing regions; 105 individual samples were collected from seven regions of the Qingshan Forestry Centre, Heilongjiang Province, China. The greatest genetic regional variation was seen in the Youhao area, based on coefficients of variation for tree height, diameter and volume (14.73, 28.25, and 55.27%, respectively). Analysis using molecular markers showed rich genetic diversity. The RAPD and ISSR methods both indicated that most variation came from within populations. The seven regions were divided into two groups (Daxing'an and Xiaoxing'an Mountain ranges) by RAPD cluster analysis: Tianchi, Xiaojiuya, Yuanjiang, and Taiping regions were placed in the first group at a genetic distance of 0.08; while the other regions were in the second group. The correlation : 196-207 (2013) Genetic diversity of Larix gmelinii between RAPD markers and geographical distance was significant, with a correlation coefficient of 0.752.
INTRODUCTION
Genetic improvements in larch (Larix gmelinii) have been mainly based on the establishment of seed orchards, breeding, and propagation using cuttings (Larionova et al., 2004; Oreshkova et al., 2006) . More intensive research on L. gmelinii has led to analyses of genetic diversity through morphological, cytological (chromosomal), and isozyme approaches (Changtragoon, 1995; Zhang et al., 2002) , but it has yielded relatively poor results. More recent studies have examined regional genetic diversity using molecular markers that have become popular, such as random amplified polymorphic DNA (RAPD) and inter-simple sequence repeats (ISSR) (Bucci et al., 1997; Goto et al., 1998; Li, 2004; Shahraji et al., 2009 ). These studies include research on genetic differentiation in conifer species such as spruce and pine (Liu et al., 2005; Labra et al., 2006; Xue et al., 2007) .
The present study used individual samples as a way to reflect real genetic resources in various regions and understand the interaction between growth traits and genes. We analyzed genetic diversity using 2 molecular techniques (RAPD and ISSR) and phenotypic growth traits to evaluate geographic resources accurately and objectively and contribute to research on genetic variation in L. gmelinii. Total DNA was extracted from frozen (-80°C) conifer tissue using a standard hexadecyltrimethylammonium bromide method (Porebski et al., 1997) . DNA was detected with electrophoresis on 0.8% agarose gels, and the concentration was quantified with an Eppendorf BioPhotometer and normalized to a concentration of 30 ng/μL.
MATERIAL AND METHODS

Sample collection
During
Polymerase chain reaction (PCR) amplification
Twenty-one individual samples (3 per area) were initially screened with 400 RAPD and 300 ISSR primers (Sangon, Shanghai, China). Twenty-three RAPD and 21 ISSR primers (Table 1) were selected for further analysis, as they repeatedly amplified clear polymorphic bands.
Primer
Sequences (5'-3') Primer Sequences (5'-3') Primer Sequences (5'-3') S222 AGTCACTCCC S1500 CTCCGCACAG  Y11  ACACACACACACACACGAC  S228  GGACGGCGTT  S2141  CCGACTCTGG  Y22  ACACACACACACACACGAG  S282  CATCGCCGCA  S2152  TCGCCTTGTC  Y24  ACACACACACACACACGTA  S320  CCCAGCTAGA  S2156  CTGCGGGTTC  Y27  ACACACACACACACACGTT  S362  GTCTCCGCAA  OPA-15  TTCCGAACCC  Y33  ACACACACACACACACTAT  S369  CCCTACCGAC  OPD-06  ACCTGAACGG  Y36  ACACACACACACACACTGG  S407  CCGTGACTCA  OPD-15  CTCACGTTGG  Y41  ACACACACACACACACCCT  S418  CACCATCCGT  OPN-01  CTCACGTTGG  Y42  ACACACACACACACACGAA  S477  TGACCCGCCT  Y18R  ACACACACACACACACCG  Y134R  ACACACACACACACACGTT  S511  GTAGCCGTCT  Y23L  AGAGAGAGAGAGAGAGGG  Y139R  ACACACACACACACACGGA  S1135  TGATGCCGCT  Y38R  ACACACACACACACACGG  YS3  GACAGACAGACAGACA  S1361  TCGGATCCGT  Y40R  ACACACACACACACACAAC  Y44  ACACACACACACACACCTT  S1371  TCCAGCGCGT  Y58R  ACACACACACACACACCTT  Y45  ACACACACACACACACTAT  S1377  CACGCAGATG  Y90R  ACACACACACACACACTTT  Y14L  AGAGAGAGAGAGAGAGTC  S1379 ACACTCTCGG Y123R ACACACACACACACACCGA ISSR = inter-simple sequence repeat; RAPD = random amplified polymorphic DNA. RAPD was performed in a 20-µL volume containing 50 ng DNA, 1X reaction buffer (TaKaRa, Dalian, China), 2.5 mM MgCl 2 (TaKaRa), 0.25 mM deoxyribonucleotide triphosphates (TaKaRa), 0.5 µM primers (Sangon), and 1 U Taq DNA polymerase (TaKaRa). RAPD-PCR was carried out for a cycle of 3 min at 94°C, followed by 40 cycles of 1 min at 94°C, 1 min at 37°C, and 1.5 min at 72°C, and a final cycle of 7 min at 72°C.
ISSR was performed in a 20-µL volume containing 50 ng DNA, 1X reaction buffer (TaKaRa), 2.5 mM MgCl 2 (TaKaRa), 0.2 mM deoxyribonucleotide triphosphates (TaKaRa), 0.5 µM primers (Sangon), and 1 U Taq DNA polymerase (TaKaRa). ISSR amplification was carried out for a cycle of 3 min at 94°C, followed by 35 cycles of 30 s at 94°C, 45 s at 56°C, and 45 s at 72°C, and a final cycle of 7 min at 72°C. The amplified products from both procedures were separated with electrophoresis using 1.5% agarose gels.
Data analysis
Height, diameter, and volume for every specimen were calculated with SPSS 15.0 for multiple comparison and variance analysis. The volume was calculated using a mean based on the formula V = 0.32 (h + 3) d 2 , where V is volume, h is height, and d is diameter. PCR products were scored as present (1) or absent (0) bands for each population and analyzed. Based on the binary matrix obtained in this study, genetic diversity indexes were calculated in the dominant diploid of POPGENE version 1.32 (Yeh et al., 1999) .
RESULTS
Growth character genetic variation of individual samples and regions
Variation was found among the L. gmelinii specimens taken from each of the 7 regions with respect to height, diameter, and volume ( Table 2 ). The coefficients of variation were 12. 69-17.38, 18.03-28.25, and 41.67-55.27% , whereas the variation range was 6.20-16.5 m, 4.80-28.9 cm, and 0.01-0.47 m 3 , respectively. Specimens from the YCYH, NJ, and MEDG regions showed more variation in volume compared to those in the other 4 zones. A difference of 13.6% was found between the YCYH and KDE regions in the coefficient of variation for volume. The coefficients of variation for the YCYH regional specimens for height, diameter, and volume were 14.73, 28.25, and 55.27%, respectively, and for specimens from the KDE region, minimum variance was 12.69, 18.03, and 41.67%, respectively. The height, diameter, and volume of individual samples varied greatly: the coefficients of variation were 1.25-26.69% (mean = 15.57%), 3.74-46.43% (mean = 28.3%), and 10.21-94.25% (mean = 50.38%), respectively. The 5 individual samples with the greatest variation in volume were sample Nos. 1555 (94.25%), 1007 (89.27%), 1553 (74.17%), 1031 (74.00%), and 1531 (71.19%). Three of these samples came from YCYH, and 2 were from AES. The 5 individual samples with the smallest variation in volume were Nos. 1464 (10.21%), 1353 (10.94%), 1024 (12.11%), 1128 (13.60%), and 1461 (14.33%) and were from the NJ, GH, AES, KDE, and NJ regions, respectively. The difference between the largest and smallest coefficients of variation was 84.04%. Large variation between regions and individual samples is beneficial for selection; therefore, it is important to pay attention not only to good regional selection but also to good individual specimens.
Regional genetic variance analysis of molecular markers
Amplification results of RAPD and ISSR
For the 7 regions (105 samples) of L. gmelinii, 23 RAPD primers generated 189 fragments that ranged in size from 300 to 3000 bp, and the percentage of polymorphic loci was 97.35% (184 locus polymorphisms). The 21 ISSR primers generated 171 fragments that ranged in size from 300 to 2300 bp, and the percentage of polymorphic loci was 98.83% (169 locus polymorphisms), which was slightly higher than that found with RAPD. Different primer amplification of the 2 markers resulted in electrophoresis maps of many bands and differently sized fragments (Figures 1 and 2) . 
Genetic diversity of regions
Using the RAPD and ISSR amplification results, we analyzed the genetic diversity of the 7 regions (Table 3 ). The range of the mean number of alleles based on RAPD analysis was 1.8307-1.8889, the effective number of alleles (N E ) was 1.5119-1.5498, the Shannon information index (I) was 0.4382-0.4764, the Nei gene diversity index (heterozygosity; H) was 0.2948-0.3200. The range of the mean number of alleles based on ISSR was 1.8421-1.9006, N E = 1.5565-1.6417, I = 0.4664-0.5221, and H = 0.3166-0.3584. The order of the 7 regions based on I was the same as that found for H using RAPD and ISSR data. Analysis of RAPD data showed that the KDE, WYL, and YCYH regions displayed more variation, and the coefficients were 88.89, 86.77, and 86.24%, respectively. According to the number of polymorphic loci, the ranking of the regions was KDE > WYL > YCYH > NJ > GH > AES > MEDG. In the ISSR analysis, the coefficients of the YCYH, WYL, and KDE regions were 90.06, 89.47, and 88.30%, respectively, and the ranking was YCYH > WYL > KDE > NJ > GH > AES > MEDG. Only the position of the KDE region was different in the 2 marker analyses, and the MEDG region showed the minimum variation. A significant correlation was found between RAPD and ISSR results (correlation coefficient, r = 0.762*). Table 3 shows that a general consistency occurred between the ISSR and RAPD approaches in different indexes of genetic diversity, and the polymorphic locus percentages were both more than 90%. This finding indicated high genetic variation among the L. gmelinii regions and that these 2 marker approaches were effective for detection.
Regional genetic differentiation
Total genetic diversity, genetic diversity within populations, and genetic diversity among populations were calculated using the data from the RAPD and ISSR approaches (Table 4) . The RAPD results showed that 89.48% genetic variation existed within populations, whereas 10.52% variation was found between populations. The ISSR results revealed 90.57% variation within populations and only 9.43% between populations. The similarity of these results indicated that variation within populations was the main factor for genetic variation on a molecular level, and variation between populations was very small. Gene flow was determined to be 4.2626 and 4.8118 using RAPD and ISSR, respectively. Therefore, we speculated that a wide range of gene mixing occurred among populations and that population differentiation was inhibited. 
Genetic similarity and cluster analysis
Genetic similarity
The genetic identity and distance of populations were calculated using the Nei (1978) method. The genetic identity was 0.9137-0.9601 and the genetic distance was 0.0408-0.0903 according to RAPD analysis (Table 5) . These values were 0.9219-0.9563 and 0.0447-0.0814, respectively, according to ISSR data ( 
Cluster analysis of genetic distance
Genetic cluster analysis was conducted using the unweighted pair group method with arithmetic mean; we then constructed a genetic relationship dendrogram (RAPD shown in Figure 3 ; ISSR shown in Figure 4 ). As Figure 3 shows, the 7 regions were classified into 2 groups (Daxing'an and Xiaoxing'an Mountain ranges) at a genetic distance of 0.08. The AES, KDE, GH, and MEDG regions belonged to group I, whereas the other 3 regions (NJ, YCYH, and WYL) belonged to group II. The 7 regions were also divided into 3 groups at a genetic distance of 0.07: the AES region composed group I; the KDE, GH and MEDG regions composed group II, and the NJ, YCYH, and WYL regions composed group III. The Daxing'an Mountain range was divided into 2 groups, as the AES region has a long distance from the other 3. The analysis for genetic distance and geographic locations of the L. gmelinii regions showed significant positive correlation (correlation coefficient, r = 0.752*).
As Figure 4 shows, the 7 regions were classified into 4 groups: AES, NJ, and KDE belonged to group I; MEDG and GH belonged to group II; WYL belonged to group III, and YCYH belonged to group IV. The clustering of ISSR results showed that molecular findings were inconsistent with those of morphological studies; this result was also found in the RAPD results. Analysis between genetic features and geographic distance of the L. gmelinii regions was positively correlated but not significant (correlation coefficient, r = 0.219). Comprehensive analysis of growth, molecular marker, and geographic climate factors
Correlation analysis of growth and geographic factors
The correlation analysis of growth and geographic factors showed a highly significant positive correlation between height and longitude and a significant negative correlation between height and elevation. Diameter was negatively correlated with latitude and elevation and positively correlated with longitude, but neither correlation was significant (Table 7) . Significant correlation (P < 0.05); very significant correlation (P < 0.01). Table 7 . Correlation between geographic factors and growth characteristics.
Height, diameter, and volume were all very highly positively correlated with mean temperature in July and significantly negatively correlated with sunshine duration. Height and volume were both significantly positively correlated with absolute humidity, precipitation from May to July, and frost-free period, and a highly significant positive correlation was found between height and mean annual precipitation (Table 8) Significant correlation (P < 0.05); very significant correlation (P < 0.01). 
Correlation analysis of the percentage of polymorphic loci and geographic climatic factors
Polymorphic loci were an important indicator for determining the level of genetic variation of an area. A specimen with a high polymorphic locus rate showed a stronger capability for adaptation to the environment, whereas those with a weaker capability would be eliminated by natural selection.
The percentage of polymorphic loci in every region was negatively correlated with latitude and elevation and positively correlated with longitude, mean annual temperature, mean temperature in July, ≥10°C accumulated temperature, absolute humidity, relative humidity, mean annual precipitation, and frost-free period. Most findings of the correlation analysis using the ISSR method were found to be significant (Table 9) .
Analysis of growth characteristics and 2 molecular markers showed rich genetic variation among regions and individual samples of L. gmelinii. The YCYH region showed relatively richer genetic variation for growth -height, diameter, and volume coefficients of variation were 14.73, 28.25, and 55.27%, respectively. The KDE region showed the least variation, with coefficients of variation of 12.69, 18.03, and 41.67%, respectively.
The 23 RAPD and 21 ISSR primers detected 189 and 171 loci, respectively, and 184 (97.35%) and 169 (98.83%) were polymorphic. I values were 0.5138 and 0.5492, N E values were 1.5970 and 1.6539, and gene differentiation coefficients were 0.1050 and 0.0941 calculated by RAPD and ISSR data, respectively. RAPD results indicated that 10.52% variation was between populations and 89.48% within populations, whereas ISSR results showed that 9.43% variation existed within populations and 90.57% was between populations.
Height, diameter, and volume were all negatively correlated to latitude and elevation and positively correlated to longitude, and significant correlation was found between height and longitude. Polymorphic loci were negatively correlated with latitude and elevation but positively correlated to longitude and significantly correlated to mean July temperature and annual precipitation. These results illustrated that water and heat were the main climatic factors affecting the percentage of polymorphic loci.
DISCUSSION
Analysis of genetic variation and genetic structure
Our research found that the region with the best genetic variation in growth characteristics was YCYH, similar to findings in a trial in Maoershan (Yang et al., 2002) . Results of ISSR and RAPD marker analyses both showed that genetic variation of L. gmelinii regions was mainly internal and less between populations. Findings for total gene diversity, gene diversity within populations, and gene diversity among populations were similar between the RAPD and ISSR approaches and showed only 10% variation among populations. This result was similar to those of previous genetic diversity analyses of most forestry tree populations (Lee, 2002; Wang and Gao, 2009 PPB = percentage of polymorphic loci. Significant correlation (P < 0.05); very significant correlation (P < 0.01). Table 9 . Correlation analysis between the percentage of polymorphic loci and geographical climatic factors.
